complexes were concentrated to approximately 2-6 mg/ml and subjected to extensive crystallization trials using either: 1) the Oryx8 crystallization robot (Douglas Instruments) with 96 different crystallization conditions at 16°C; or 2) the automated IAVI/JCSG/TRSI CrystalMation robotic system (Rigaku) at the Joint Center for Structural Genomics (www.jcsg.org), where 384 different crystallization conditions were tested at 4°C and 22°C.
In the above trials, only the partially deglycosylated SOSIP.664 gp140 trimers from various isolates in complex with antibodies of the PGT121-family (PGT121, PGT122 and PGT123) resulted in crystal hits. Surprisingly, for these complexes, hits were obtained from approximately 10% of the crystallization conditions, but the majority of crystals tested (>600) only diffracted to 8 Å or worse at various synchrotron sources (APS, SSRL, and CLS). Several pre-and postcrystallization strategies were explored in an effort to improve the x-ray diffraction properties of these crystals: however, the use of single-chain Fv instead of Fab, limited in-situ proteolysis, varying temperature of crystal growth, additives screening, crystal cross-linking, dehydration, and annealing all met with limited success. In addition, we attempted use of a SOSIP construct further truncated to gp41 position 650. Although crystals could be obtained with the trimer in complex with PGT122 Fab, these did not show improved diffraction properties compared to the majority of SOSIP.664-containing crystals.
X-ray data collection, structure solution and model building
Ultimately, only the thermostable BG505 SOSIP.664 trimers (18, 23) allowed us to achieve higher resolution x-ray diffraction. Two crystals obtained from crystallization condition 0.1 M CAPS, 2 M ammonium sulfate, 0.2 M lithium sulfate, pH 10.5, with the EndoH-treated, SECpurified PGT122 Fab plus BG505 SOSIP.664 trimer complex showed a maximum visible diffraction of up to 3.7 Å along the c-axis at the Advanced Photon Source (APS) beamline 23-ID-D (fig. S1). However, these crystals showed severe anisotropic diffraction and diffracted to a maximum of only ~5 Å and ~6 Å along the a-and b-axes, respectively. In addition, due to radiation damage during data collection, it was necessary to merge the data from two crystals to obtain a dataset with sufficient redundancy and completeness. Integration and scaling were performed using the program XDS (65), and output files were subsequently corrected for anisotropy using the UCLA MBI -Diffraction Anisotropy Server (http://services.mbi.ucla.edu/anisoscale/anisoscale_xds/) (66) , with truncations at 4.5 Å, 5.5 Å and 4.0 Å along the a, b and c axes, respectively. The overall data were then truncated to 4.7 Å based on an I/σ >2 criteria in the highest resolution shell. Only few higher resolution reflections to 3.7 Å met these I/σ >2 criteria and their inclusion in the dataset did not subsequently improve the quality of maps. Data statistics are reported in table S1.
Molecular replacement was performed using Phaser (67) with a composite search model comprised of: 1) the variable domain of PGT122 at 1.8 Å (PDB ID: 4JY5); 2) CD4-bound gp120 core at 2.6 Å (PDB ID: 3JWD); and 3) these components docked in a trimeric arrangement using the previously reported ~14 Å EM reconstruction of the PGT122 Fab in complex with the BG505 SOSIP.664 trimer (EMDB: 5624). The molecular replacement solution indicated only one copy of the trimer-antibody complex was present in the asymmetric unit with a TFZ=6.2 and an LLG=1,344 (resulting in an ~82% solvent content (V m = 6.87 A 3 /Da) based on a molecular weight of ~400 kDa for the partially deglycosylated complex (68)). Additional components, such as the PGT122 Fab constant domain, gp120 V1/V2/V3, and gp41 helices were added manually based on clear electron density for these elements in the initial maps ( fig. S3 ). Rigid-body, grouped-B-factor, XYZ, real-space and TLS refinements were carried out in PHENIX using NCS-restraints, as well as secondary structure and reference model restraints imposed from highresolution structures (69) . Model building was performed using Coot (70) . Secondary structure was determined using STRIDE (71) . Slightly higher crystallographic R-values for the trimer structure compared to the mean reported for other structures to the same resolution (72) likely results from the relatively poor diffraction properties of the crystals and the anisotropy of the resulting data. We also note that ~20% of the trimer is not modeled (N-terminus of gp120, V2, V4, C-terminus of gp120, N-terminus of gp41, gp41 disulfide loop region, N-terminus of gp41 HR2), which also contributes to higher R-values. BG505 SOSIP.664 trimer elements included in the deposited model are summarized in table S2. Structure validation was performed using Molprobity (73) and refinement statistics are reported in table S1.
Pseudovirus production and neutralization assay
The BG505 env gene used to make Env-pseudoviruses lacks the N332 glycosylation site, but the viruses are still neutralized by antibodies of the PGT121 family. To assess the importance of specific glycosylation sites on neutralization by these antibodies, site-directed mutations were introduced into the env gene using QuikChange according to the manufacturer's protocol (Stratagene, La Jolla, CA). Mutants were verified by DNA sequence analysis (Eton Bioscience, San Diego, CA). Pseudoviruses were generated by transfection of 293T cells for 72 h with an Env-expressing plasmid and an Env-deficient genomic backbone plasmid (pSG3ΔEnv) in a 1:2 ratio, using Fugene 6 (Promega). A single-cycle neutralization assay with TZM-bl target cells was performed as described previously (74) . parallel β-hairpin in the gp120 structure that agrees overall with its conformation in our trimer structure. However, the orientation of V3 in the crystal structure of the gp120 core plus V3, in complex with CD4 and CD4i antibody X5, significantly differs from the one in the trimer structure (D) that probably reflects more flexibility in the free monomer versus its restricted conformation in the trimer or a different conformation when CD4 and CD4i antibodies (or coreceptor) bind. S6 . The conformation of gp120 β2-β3-β21-β22 elements in the Env trimer structure significantly differs from the bridging sheet conformation observed in core gp120 monomer structures. (A) Cartoon rendering according to secondary structure for gp120 of a single protomer in the SOSIP gp140 trimer crystal structure. The gp120 elements are colored differently: core (yellow), V1/V2 (orange), V3 (red), β2-β3 (blue) and β21-β22 (magenta). In the SOSIP gp140 trimer structure, β2-β3 strands are inverted compared to the bridging sheet conformation observed in several core monomeric gp120 structures (B-E). The β21-β22 strands, however, are in a similar conformation to the bridging sheet and, therefore, form the previously defined binding pocket for the small molecule inhibitor of HIV-1 entry, BMS806, a known marker of the Env pre-fusion closed conformation. However, it is not yet known whether BMS806 can bind to the BG505 virus, as this compound has a limited range of specificity (75) .
Fig.
(B) In the unliganded core monomeric gp120 structure (PDB ID: 3TGT), where V1/V2 elements have been truncated, β2-β3-β21-β22 elements adopt the bridging sheet conformation. The same is also true for core monomeric gp120 in complex with (C) soluble CD4 and 17b Fab (PDB ID: density that can be fitted by a helix, the connection to the FP at the N-terminus of the helix has much weaker density, which suggests the lack of any significant secondary structure and probably a loop conformation, akin to that seen in Influenza HA (Fig. 3). (B) Connecting electron density is observed between gp41 HR1 and HR2, attributable to the gp41 disulfide loop (DSL) region. In the same region, electron density also emanates from gp120 C1 (N-terminus) and C5 (C-terminus), implying a close interaction between the gp41 DSL region and the extended structure of the gp120 termini (5, 48) . Electron density around gp41 and selected gp120 elements is shown in a gray 2Fo-Fc map contoured at 1.0 σ. The gp120 and gp41 subunits are shown as yellow and green elements rendered according to their secondary structure, respectively. MolProbity all-atom clashscore 24.5
PDB ID 4NCO
* Values in parentheses are for the highest resolution shell. † R merge = Σ|I-<I>|/Σ<I>, where I is the observed intensity, and <I> is the average intensity of multiple observations of related reflections. π R pim = Σhkl (1/(n-1))1/2 Σi | Ihkl,i -<Ihkl> | / Σhkl Σi Ihkl,I, where Ihkl,i is the scaled intensity of the i th measurement of reflection h, k, l, <Ihkl > is the average intensity for that reflection, and n is the redundancy ς CC 1/2 = correlation coefficient of half-datasets (77) ‡ R cryst = Σhkl||Fobs|-|Fcalc||/Σhkl|Fobs| § R free calculated as for R cryst but for 5% of the reflections excluded from refinement 
